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OPTICAL DEVICE AND IMAGE DISPLAY

APPARATUS
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to an optical device

which uses a light guide and a diffraction optical element, and
an image display apparatus which is provided with the optical
device.

[0003] 2. Related Art

[0004] In recent years, a head mount display which uses a
light guide, guides light to the front of eyes of an observer, and
displays an image from an image display apparatus, has been
commercialized as an image projecting device. Furthermore,
development to make the head mount display have a smaller
size, a wider angle of view, and higher efficiency, has been
performed. In particular, a diffraction optical element attracts
attention as one of the elements for making the light be
incident on the inside of the light guide and be emitted. Since
the diffraction optical element can control a travelling direc-
tion of the light by using a diffraction phenomenon, the dif-
fraction optical element can be obtained smaller and have
higher operation flexibility of the light than an optical element
which uses reflection or refraction.

[0005] Among the diffraction optical elements, in particu-
lar, a volume hologram can perform diftraction at compara-
tively high efficiency. However, in a case of the volume holo-
gram, since a wavelength, angle or the like of diffracted light
is determined according to a Bragg condition, the angle and
the wavelength of the diffracted light is largely influenced by
an incident angle. For this reason, when the volume hologram
is used in the image display apparatus, such as the head mount
display, there is a case where influence on the angle (size) of
view and color irregularity of a display image becomes
greater. Here, in the related art, an image display apparatus
which adjusts the incident angle of the volume hologram is
suggested (for examples, refer to JP-A-2007-94175 and
JP-A-2009-133998).

[0006] The image display apparatus disclosed in JPA-
2007-94175 suppresses a wavelength change of the diffracted
light with respect to an incident angle change caused by the
Bragg condition by partially changing an inclined angle of an
interference fringe, and reduces generation of the color
irregularity on the display image.

[0007] Meanwhile, in the image display apparatus dis-
closed in JP-A-2009-133998, by inclining an optical axis of
which light is incident on the diffraction optical element, a
wavelength selectivity caused by the Bragg condition is miti-
gated, a wavelength range in which diffraction can be per-
formed is controlled, and problems, such as the color irregu-
larity, can be solved.

[0008] However, as the image display apparatus disclosed
in JP-A-2007-94175 shows, there is a problem in that it is
difficult to partially change the inclined angle of the interfer-
ence fringe in manufacturing, and practicality is lacking.
Meanwhile, as the image display apparatus disclosed in JP-A-
2009-133998 shows, when the incident angle is inclined in a
direction in which the wavelength selectivity is mitigated,
since the direction becomes a direction in which the angles of
the incident light and the emitted light are expanded with
respect to the light guide, under a usage mode of the head
mount display which is mounted on a head of the observer,
there is a problem in that a positional relationship between the
right/left light guides and an image forming apparatus does
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not match a shape of the head of the observer, a fitting prop-
erty with respect to the head of the observer deteriorates, and
an uncomfortable feeling is created when using the head
mount display.

SUMMARY

[0009] An advantage of some aspects of the invention is to
provide an optical device having a smaller size, a higher angle
of'view, and higher efficiency, and an image display apparatus
provided with the optical device without difficulty in manu-
facturing.

[0010] The optical device according to a first aspect of the
invention includes: a light guide; a first diffraction optical
element which makes light incident on the light guide; a
second diffraction optical element which emits the light from
the light guide; and a reflection layer provided on a second
surface of the light guide which intersects with a first surface
of the light guide provided with the first diffraction optical
element and the second diffraction optical element. Protruded
portions which constitute the first diffraction optical element
and the second optical element are respectively inclined in a
first direction which is the same as a normal line direction of
the first surface.

[0011] According to the first aspect of the optical device of
the invention, the first diffraction optical element is disposed
on the first surface, image light is incident on the inside of the
light guide, and the image light is reflected to a surface of an
emission side of the light guide by the reflection layer pro-
vided on the second surface which intersects with the first
surface. The second diffraction optical element is disposed on
the first surface, and the reflected light is diffracted to the
outside of the light guide. In addition, the protruded portions
which constitute the first diffraction optical element and the
second diffraction optical element are respectively inclined in
the first direction which is the same as the normal line direc-
tion of the first surface. Therefore, it is possible to increase
diffraction efficiency. In addition, since an optical axis of the
incident light and an optical axis of the emitted light are
parallel, it is possible to match a positional relationship
between the right/left light guides and a light source to a head
shape or a position of eyes of the observer. Furthermore, when
the aspect of the optical device according to the invention is
employed in a head mount display which is mounted on a
head of the observer, a fitting property with respect to the face
of the observer can be improved.

[0012] According to the first aspect of the optical device of
the invention, the first diffraction optical element and the
second diffraction optical element may respectively be sur-
face relief type holograms provided with an uneven structure
on one surface. As either the first diffraction optical element
or the second diffraction optical element is, for example, an
inclined surface relief type hologram provided with an
uneven structure inclined with respect to the surface, it is
possible to further strengthen a plus first-order diffracted
light, and to obtain an effect of further reducing generation of
noise light during transmission.

[0013] According to the first aspect of the optical device of
the invention, the first diffraction optical element and the
second diffraction optical element are respectively diffraction
optical elements in a shape of a blazed grating provided with
protruded portions in a serrated shape on one surface. The
inclined surfaces of the protruded portions in a serrated shape
may be respectively inclined in the first direction. As either
the first diffraction optical element or the second diffraction
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optical element is a diffraction element provided with the
blazed grating on the surface, it is possible to enhance the
first-order diffraction efficiency, and to improve transmission
efficiency to the light guide.

[0014] The optical device according to a second aspect of
the invention includes: a light guide; a first diffraction optical
element which makes light incident on the light guide; a
second diffraction optical element which emits the light from
the light guide; and a reflection layer provided on a second
surface of the light guide which intersects with a first surface
of the light guide provided with the first diffraction optical
element or the second diffraction optical element. A first
portion and a second portion which respectively constitute the
first diffraction optical element and the second diffraction
optical element and have different refractive indexes from
each other, are respectively inclined in the first direction
which is the same as the normal line direction of the first
surface.

[0015] According to the second aspect of the optical device
of the invention, the first diffraction optical element is dis-
posed on the first surface, an image light is incident on the
inside of the light guide, and the image light is reflected to a
surface of an emission side of the light guide by the reflection
layer provided on the second surface which intersects with the
first surface. The second diffraction optical element is dis-
posed on the first surface, and the reflected light is diffracted
to the outside of the light guide. The first portion and the
second portion which respectively constitute the first diffrac-
tion optical element and the second diffraction optical ele-
ment and have different refractive indexes from each other,
are respectively inclined in the first direction which is the
same as the normal line direction of the first surface. There-
fore, it is possible to increase the diffraction efficiency. In
addition, since the optical axis of the incident light and the
optical axis of the emitted light are parallel, it is possible to
match the positional relationship between the right/left light
guides and the light source to the face shape or the position of
the eyes of the observer. Furthermore, when the aspect of the
optical device according to the invention is employed in a
head mount display which is mounted on the head of the
observer, the fitting property with respect to the face of the
observer can be improved.

[0016] According to the second aspect of the optical device
of the invention, the first diffraction optical element and the
second diffraction optical element may be transmission type
volume holograms. As the first diffraction optical element
and the second diffraction optical element are transmission
type volume holograms, it is possible to enhance first-order
diffraction efficiency, and to improve the transmission effi-
ciency to the light guide.

[0017] According to the first and the second aspects of the
optical device of the invention, the first diffraction optical
element and the second diffraction optical element are trans-
mission type diffraction optical elements, and are provided on
the same surface of the light guide. In a cross-sectional view
of the light guide including both the first diffraction optical
element and the second diffraction optical element, it is pref-
erable that the first direction be a direction which is inclined
in a direction from the second diffraction optical element
toward the first diffraction optical element with respect to the
normal line direction of the first surface. In this case, it is
possible to enhance the diffraction efficiency. In addition,
since the optical axis of the incident light and the optical axis
of the emitted light are parallel, it is possible to match the
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positional relationship between the right/left light guides and
the light source to the face shape or the position of the eyes of
the observer. Furthermore, when the aspect of the optical
device according to the invention is employed in the head
mount display which is mounted on the head of the observer,
the fitting property with respect to the face of the observer can
be improved.

[0018] The optical device according to a third aspect of the
invention includes: a light guide; a first diffraction optical
element which diffracts light incident to the light guide; a
second diffraction optical element which diffracts and emits
the light guided to the light guide; and a reflection layer
provided on a second surface of the light guide which inter-
sects with a first surface of the light guide provided with the
first diffraction optical element or the second diffraction opti-
cal element. A first portion and a second portion which con-
stitute the first diffraction optical element and the second
diffraction optical element and have different refractive
indexes from each other, are respectively inclined in the first
direction which is the same as the normal line direction of the
first surface.

[0019] According to the third aspect of the optical device of
the invention, the first diffraction optical element is disposed
on the first surface, an image light incident on the light guide
is diffracted to the inside the light guide, and the image light
is reflected to a surface of an emission side of the light guide
by the reflection layer provided on the second surface which
intersects with the first surface. The second diffraction optical
element is disposed on the first surface, and the reflected light
is diffracted to the outside of the light guide. In addition, the
first portion and the second portion which constitute the first
diffraction optical element and the second diffraction optical
element and have different refractive indexes from each other,
are respectively inclined in the first direction which is the
same as the normal line direction of the first surface. There-
fore, it is possible to increase the diffraction efficiency. In
addition, since the optical axis of the incident light and the
optical axis of the emitted light are parallel, it is possible to
match the positional relationship between the right/left light
guides and the light source to the face shape or the position of
the eyes of the observer. Furthermore, when the aspect of the
optical device according to the invention is employed in a
head mount display which is mounted on the head of the
observer, the fitting property with respect to the face of the
observer can be improved.

[0020] According to the third aspect of the optical device of
the invention, the first diffraction optical element and the
second diffraction optical element are reflection type diffrac-
tion optical elements, and are provided on the same surface of
the light guide. In a cross-sectional view of the light guide
including both the first diffraction optical element and the
second diffraction optical element, it is preferable that the
first direction be a direction which is inclined in a direction
from the second diffraction optical element toward the first
diffraction optical element with respect to the normal line
direction of the first surface. In this case, it is possible to
enhance the diffraction efficiency. In addition, since the opti-
cal axis of the incident light and the optical axis of the emitted
light are parallel, it is possible to match the positional rela-
tionship between the right/left light guides and the light
source to the head shape or the position of the eyes of the
observer. Furthermore, when the aspect of the optical device
according to the invention is employed in the face mount
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display which is mounted on the head of the observer, the
fitting property with respect to the face of the observer can be
improved.

[0021] The optical device according to a fourth aspect of
the invention includes: a first light guide; a first diffraction
optical element which makes light incident on the first light
guide; a second diffraction optical element which emits the
light from the first light guide; a first reflection layer provided
on a second surface of the light guide which intersects with a
first surface of the light guide provided with the first diffrac-
tion optical element or the second diffraction optical element;
a second light guide; a third diffraction optical element which
makes light incident on the second light guide; a fourth dif-
fraction optical element which emits the light from the second
light guide; and a second reflection layer provided on a fourth
surface of the light guide which intersects with a third surface
of'the light guide provided with the second diffraction optical
element or the third diffraction optical element. A first portion
and a second portion which constitute the first diffraction
optical element and the second diffraction optical element
and have different refractive indexes from each other, are
respectively inclined in the first direction which is the same as
the normal line direction of the first surface. A third portion
and a fourth portion which constitute the third diffraction
optical element and the fourth diffraction optical element and
have different refractive indexes from each other, are respec-
tively inclined in the second direction which is the same as the
normal line direction of the third surface.

[0022] The optical device according to a fifth aspect of the
invention includes: a first light guide; a first diffraction optical
element which diffracts light incident on the first light guide;
a second diffraction optical element which diffracts and emits
the light guided to the first light guide; a first reflection layer
provided on a second surface of the light guide which inter-
sects with a first surface of the light guide provided with the
first diffraction optical element or the second diftraction opti-
cal element; a second light guide; a third diffraction optical
element which diffracts light incident on the second light
guide; a fourth diffraction optical element which diffracts and
emits light guided to the second light guide; and a second
reflection layer provided on a fourth surface of the light guide
which intersects with a third surface of the light guide pro-
vided with the third diffraction optical element or the fourth
diffraction optical element. A first portion and a second por-
tion which constitute the first diffraction optical element and
the second diffraction optical element and have different
refractive indexes from each other, are respectively inclined
in the first direction which is the same as the normal line
direction of the first surface. A third portion and a fourth
portion which constitute the third diffraction optical element
and the fourth diffraction optical element and have different
refractive indexes from each other, are respectively inclined
in the second direction which is the same as the normal line
direction of the third surface.

[0023] Next, an image display apparatus according to the
invention is provided with the above-described optical device
according to the invention and an image forming portion
which generates the image light. The image display apparatus
may include an image forming portion, such as a liquid crys-
tal display, or a collimate optical system. The image display
apparatus can be appropriate to a form in which the apparatus
is mounted on the head of the observer, such as the head
mount display.
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[0024] In addition, in the above-described image display
apparatus according to the invention, the “image forming
portion” includes the image display apparatus, such as the
liquid crystal display or a laser scanning type display, which
allows the observer to recognize an image by scanning laser
light that displays the image, and an optical system which
collects and converts the image light emitted from the image
display apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0026] FIG. 1 is a perspective view illustrating an example
of'an entire image of a head mount display according to a first
embodiment.

[0027] FIG. 2 is a cross-sectional view of a main part illus-
trating an example of an internal structure and a wave guide of
an optical system for a right eye of the head mount display
according to the first embodiment.

[0028] FIG. 3 is a cross-sectional view of the main part
illustrating an example of an internal structure and a wave
guide of an optical system for a left eye of the head mount
display according to the first embodiment.

[0029] FIG. 4 is a cross-sectional view of the main part
illustrating an inclination of a diffraction grating in a first
diffraction optical element.

[0030] FIG. 5 is a cross-sectional view of the main part
illustrating an inclination of a diffraction grating in a second
diffraction optical element.

[0031] FIG. 6 is a view illustrating light which is incident
on the second diffraction optical element before reflection,
and light which is incident on the second diffraction optical
element after reflection.

[0032] FIG. 7 is a graph illustrating an example of a rela-
tionship between an incident angle and diffraction efficiency
of'the light which is incident on the second diffraction optical
element before reflection and the light which is incident on
the second diffraction optical element after reflection.
[0033] FIG. 8 is a view illustrating a difference of the dif-
fraction efficiency of the light which is incident on the second
diffraction optical element before reflection and the diffrac-
tion efficiency of the light which is incident on the second
diffraction optical element after reflection.

[0034] FIG. 9 is a view illustrating an example of positions
of each apparatus when the head mount display according to
the first embodiment is mounted.

[0035] FIG. 10 is a view illustrating position of each appa-
ratus when the head mount display in the related art is
mounted.

[0036] FIG. 11 is a cross-sectional view of the main part
illustrating an example of an internal structure and a wave
guide of an optical system for a left eye of the head mount
display according to a second embodiment.

[0037] FIG. 12 is a view illustrating a method of generating
an interference fringe in a thin hologram and in a thick holo-
gram.

[0038] FIG. 13 is a view illustrating an interference fringe
of'an amplitude hologram.

[0039] FIG. 14 is a view illustrating an interference fringe
of'a phase hologram.

[0040] FIG. 15 is a view illustrating an interference fringe
of another phase hologram.
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[0041] FIG. 16 is a graph illustrating diffraction efficiency
with respect to a change of the incident angle of each RGB
wavelength which is optimized with respect to incident light
which has 0 degrees of an optical axis inclination and is
incident on a transmission type volume hologram.

[0042] FIG. 17 is a graph illustrating diffraction efficiency
with respect to a change of the incident angle of each RGB
wavelength which is optimized with respect to incident light
which has -20 degrees of the optical axis inclination and is
incident on the transmission type volume hologram.

[0043] FIG.18isaview illustrating an example of positions
of'the wave guide inside the light guide and the image display
apparatus when the image light which has —20 degrees of the
optical axis inclination and is incident on a transmission type
volume hologram is used.

[0044] FIG.19isaview illustrating an example of positions
of'the wave guide inside the light guide and the image display
apparatus when the image light which has 0 degrees of the
optical axis inclination and is incident on a transmission type
volume hologram is used.

[0045] FIG. 20 is a cross-sectional view of the main part
illustrating an example of an internal structure and a wave
guide of an optical system for a left eye of the head mount
display according to a third embodiment.

[0046] FIG.21 is a view illustrating a relationship between
aplus first-order light and a minus first-order light in a surface
reliethologram in a rectangular shape without an inclination.
[0047] FIG.22 is a view illustrating a relationship between
the plus first-order light and the minus first-order light in an
inclined surface relief hologram.

[0048] FIG. 23 is a cross-sectional view of the main part
illustrating an example of an internal structure and a wave
guide of an optical system for a left eye of the head mount
display according to a fourth embodiment.

[0049] FIG. 24 is a cross-sectional view of the main part
illustrating an example of an internal structure and a wave
guide of an optical system for a left eye of the head mount
display according to a fifth embodiment.

[0050] FIG. 25 is a cross-sectional view of the main part
illustrating an example of an internal structure and a wave
guide of an optical system for a left eye of the head mount
display according to a modification example.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0051] Hereinafter, various embodiments according to the
invention will be described with reference to the attached
drawings. In the drawings, a ratio of dimensions of each
portion is appropriately different from a real ratio. In addition,
in the embodiments described below, a case where an optical
device of the invention is employed in a head mount display
which is an example of an image display apparatus that is
mounted on a head of an observer is described as an example.
However, the embodiment represents an aspect of the inven-
tion, and the invention is not limited thereto. The invention
can be arbitrarily modified within a range of a technical idea
of the invention.

A: First Embodiment

Entire Configuration of Head Mount Display

[0052] FIG. 1 is an example of a perspective view of an
entire image of a head mount display 100 according to a first
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embodiment. As illustrated in FIG. 1, the head mount display
100 according to the embodiment is a head mount display
which has an outer appearance of glasses. The head mount
display 100 can allow the observer who has mounted the head
mount display 100 to recognize the image light by a virtual
image, and can allow the observer to observe an external
image in a see-through manner.

[0053] In particular, the head mount display 100 includes a
light guide 20, a pair of right and left temples 101 and 102
which supports the light guide 20, and a pair of image forming
apparatuses 111 and 112 which is added to the temples 101
and 102. Here, in the drawing, a first image apparatus 100A
which is a combination of a left side of the light guide 20 and
the image forming apparatus 111 is a portion that forms a
virtual image for a right eye and functions as the image
display apparatus independently. In addition, in the drawing,
a second display apparatus 100B which is a combination of a
right side of the light guide 20 and the image forming appa-
ratus 112 is a portion that forms a virtual image for a left eye
and functions as the image display apparatus even indepen-
dently.

[0054] An internal structure and the light guide of the head
mount display 100 will be described. FIG. 2 is a schematic
cross-sectional view of the main part illustrating the internal
structure and the light guide of the head mount display
according to the embodiment. FIG. 2 is a cross-sectional view
of'a main part illustrating an example of an internal structure
and the light guide of an optical system for the right eye, and
FIG. 3 is a cross-sectional view of the main part illustrating an
example of an internal structure and the light guide of an
optical system for the left eye, according to the embodiment.
As illustrated in FIGS. 2 and 3, each of first display apparatus
100A and the second display apparatus 100B include an
image forming portion 10 and the light guide 20.

[0055] The image forming portion 10 includes an image
display apparatus 11 and a projection optical system 12.
Among these, in the embodiment, the image display appara-
tus 11 is a liquid crystal display device, generates light includ-
ing 3 colors, such as red, green, and blue, from a light source,
and emits the light to the projection optical system 12 by
scattering the light from the light source to be a luminous flux
of a rectangular cross section. Meanwhile, the projection
optical system 12 is a collimating lens that converts the image
light emitted from each point on the image display apparatus
11 to a luminous flux in a parallel state, and makes the light
incident on the light guide 20. In particular, in the embodi-
ment, in order to obtain a wide angle of view, the image
forming portion 10 is disposed to be inclined with respect to
the normal line direction which is orthogonal to a panel.
[0056] An overall outer appearance of the light guide 20 is
formed by a flat plate-shaped member which extends parallel
to an YZ plane in the drawing. The light guide 20 is a plate-
shaped member formed of an optically transparent resin
material or the like, and includes a first panel surface 201
disposed facing the image forming portion 10 and a second
panel surface 202 facing the first panel surface 201. The
image light is incident through a light incident surface 20a
formed at an end portion of the first panel surface 201, and is
guided to a light emitting surface 205 formed in the front of
the eyes of the observer by the first panel surface 201 and the
second panel surface 202.

[0057] Specifically, the light guide 20 includes the light
incident surface 20a which is a light incident portion to which
the image light is incorporated from the image forming por-
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tion 10 and the light emitting surface 205 which emits the
image light toward an eye EY of the observer, on a flat surface
of a rear side or an observer side facing the image forming
portion 10 in parallel to the YZ plane. On the light incident
surface 20a, a first diffraction optical element 30a which
diffracts the incident light in an end surface direction of a
temple 102 side near to an incident position is provided. On
the light emitting surface 205, a second diffraction optical
element 305 which diffracts and transmits the image light
emitted toward the outside from the light emitting surface
204, and projects the image light to the eye EY ofthe observer
as the virtual light is provided. In other words, the light guide
20 includes an incident portion 20x which is a portion
between the light incident surface 20a and a surface facing the
light incident surface 20a, an emitting portion 20y which is a
portion between the light emitting surface 205 and a surface
facing the light emitting surface 205, and a light guide portion
20z which is a portion between the incident portion 20x and
the emitting portion 20y.

[0058] In the embodiment, grating cycles of the first dif-
fraction optical element 30a and the second diffraction opti-
cal element 305 are the same, and inclination directions of the
grating are also the same. The light guide 20 has the first panel
surface 201 and the second panel surface 202 which face each
other and extend in parallel with respect to the YZ plane,
entirely reflects the image light diftracted by the first diffrac-
tion optical element 30q in the incident side by the reflection
layer 42 disposed at an end portion of a wave guide of the
second diffraction optical element 305, and guides the light to
the front of the eyes of the observer. Specifically, the image
light diffracted by the first diffraction optical element 30a,
first of all, is incident on the second panel surface 202 and is
entirely reflected. Then, the image light is incident on the first
panel surface 201 and is entirely reflected. By repeating the
operation described above hereinafter, the image light is
guided to the reflection layer 42 provided in the other end
(nose side of the observer) of the light guide 20. After the
image light reflected in the reflection layer 42 is diffracted by
the second diffraction optical element 305 of the light emit-
ting surface 205, the image light is emitted toward the eye EY.

[0059] In addition, without applying a reflection coating
onto the first panel surface 201 and the second panel surface
202, outer light which is incident on both the panel surfaces
201 and 202 from the outside may pass through the light guide
20 at high transmittance. Accordingly, the light guide 20 can
be a see-through type which can see through the external
image.

[0060] In the embodiment, as illustrated in FIG. 4, a dif-
fraction grating 30¢ of the first diffraction optical element 30a
is inclined so that a position D2 of the diffraction grating 30¢
on a contact surface 30g with the light guide 20 of the first
diffraction optical element 30q is nearer to a center portion
side of the light guide 20 rather than a position D1 of the
diffraction grating 30c¢ on the incident surface 30e of the first
diffraction optical element 30a.

[0061] In addition, as illustrated in FIG. 5, a diffraction
grating 30d of the second diffraction optical element 305 is
inclined so that a position D4 of the diffraction grating 304 on
an emitting surface 30/ of the second diffraction optical ele-
ment 305 is nearer to the center portion side of the light guide
20 rather than a position D3 of the diffraction grating 304 on
a contact surface 30/ with the light guide 20 of the second
diffraction optical element 304.
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[0062] In this manner, the directions of inclination of the
diffraction grating 30c of the first diftraction optical element
30¢ and the diffraction grating 304 of the second diffraction
optical element 305 are the same, and the angles ofinclination
are also the same.

[0063] In acase where the first diffraction optical element
30a and the second diffraction optical element 305 are con-
figured in this manner, as illustrated in FIG. 6, there are two
types of the image light which is incident on the second
diffraction optical element 305, such as light .1 after the light
is reflected by the reflection layer 42 on an end surface of the
light guide 20 and light [.2 before the light is reflected by the
reflection layer 42. By the image lights [.1 and [.2, diffracted
lights 1.3 and [.4 which have different optical axis directions
before and after the reflection are generated.

[0064] Diffraction efficiency of the diffracted lights .3 and
L4 is illustrated in FIG. 7. As illustrated in FIG. 7, it is known
that the diftraction efficiency of the diffracted light [.3 which
is reflected on the reflection layer 42 and diffracted in the
second diffraction optical element 305 after the reflection is
higher than that of the diffracted light [.4 which is diffracted
by the second diffraction optical element 305 before the
reflection on the reflection layer 42.

[0065] As illustrated in FIG. 8, since the diffraction grating
304 of the second diffraction optical element 305 in the
embodiment has the inclination as described above, the light
L2 before the reflection by the reflection layer 42 is incident
on the diffraction grating 304 by an angle smaller than a
critical angle, is refracted, and is extracted as the diffracted
light L.4. Meanwhile, the light [.1 after the reflection by the
reflection layer 42 is incident on the diffraction grating 304 at
an angle equal to or greater than the critical angle and is
extracted as the diffracted light L3 by Bragg reflection. In this
manner, since a part of the light L2 before the reflection is
blocked by the diffraction grating 30d, light intensity is
reduced. However, since the light [.1 after the reflection
becomes the diffracted light [.3 by the Bragg reflection, inten-
sity of the light L1 is not reduced, and the diffraction effi-
ciency ofthe light L1 is higher than that of the diffracted light
L4.

[0066] As described above, the diffraction grating 30c¢ of
the first diffraction optical element 30 is inclined so that the
position on the contact surface 30g with the light guide 20 is
nearer to the center portion side of the light guide 20 rather
than the position on the incident surface 30e of the first
diffraction optical element 30a. The diffraction grating 304 of
the second diffraction optical element 305 is inclined so that
the position on the emitting surface 30f'of the second diffrac-
tion optical element 305 is nearer to the center portion side of
the light guide 20 rather than the position on the contact
surface 307 with the light guide 20. Since an angle of incli-
nation of the diffraction grating 30c¢ of the first diffraction
optical element 30a and an angle of inclination of the diffrac-
tion grating 30d of the second diffraction optical element 305
are set to be the same, it is possible to enhance the diffraction
efficiency.

[0067] Inaddition, inthe embodiment, the grating cycles of
the diffraction grating 30c of the first diffraction optical ele-
ment 30a and the diffraction grating 304 of the second dif-
fraction optical element 305 are the same, and the directions
of the inclination of the diffraction gratings 30c¢ and 304 are
the same directions in the incident side and in the emitting
side. Accordingly, the optical axis ofthe incident light and the
optical axis of the emitted light are configured to be parallel.
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In other words, as the image light diffracted by the first
diffraction optical element 30q in the light incident side is
reflected at the wave guide end portion of the second diffrac-
tion optical element 305 side, the image light can be diverted
in a reverse direction to a light-guiding direction inside the
light guide 20 right before the emission from the light guide
20, and the incident light with respect to the light incident
surface 20a and the emitted light from the light emitting
surface 205 can be parallel.

[0068] As a result, it is possible to more accurately match
the positional relationship between the right/left light guides
20 and the image forming portion 10 to the shape of the face
or the position of both of the eyes of the observer. In other
words, as illustrated in FIG. 10, due to a size of the projection
optical system, there is a possibility in which the image form-
ing portion 10 comes into contact with the face of the observer
and thereby an interruption occurring. According to the
embodiment, as illustrated in FIG. 9, since the direction of
contact with the face of the observer is avoided, the appear-
ance can be obtained in which the fitting property with respect
to the face is further improved.

[0069] Furthermore, in the embodiment, an arrangement
interval (grating cycle) of the diffraction grating 30c in the
first diffraction optical element 30q and an arrangement inter-
val (grating cycle) of the diffraction grating 304 in the second
diffraction optical element 305 are configured to be the same.
By setting the grating cycles of the first diffraction optical
element 30q and the second diffraction optical element 305 to
be the same, it is possible to reduce an interference of the light
between the two times of the diffraction by the incident side
and the emitting side and a loss of a quantity of light, and to
prevent deterioration of luminosity of the image or partial
generation of color irregularity. Furthermore, in the embodi-
ment, as grating patterns of the first diffraction optical ele-
ment 30qg and the second diffraction optical element 305 are
the same, it is possible to set the optical axes of the incident
light and the emitted light to be parallel, and to obtain high
diffraction efficiency within a wide range of the angle of
incidence.

[0070] As described above, according to the embodiment,
first, regarding the incident angle with respect to the diffrac-
tion optical element, by setting the optical axis inclination to
be large, it is possible to obtain the high diffraction efficiency
within the wide range of the angle of incidence and to set the
angle of view to be wide. As the diffraction optical element
which transmits the image light reflected on the end surface of
the light guide 20 and the light guide 20 are in the configura-
tion, even when the optical axis inclined angle of the incident
image light is large in order to obtain the large angle of view,
without deteriorating the fitting property to the face of the
observer, an image display apparatus, such as the head mount
display, which is easy to be mounted and used, can be
obtained.

B: Second Embodiment

[0071] Next, the second embodiment of the invention will
be described. In the embodiment, as the first diffraction opti-
cal element 30a and the second diffraction optical element
304, a transmission type volume hologram is used. FIG. 11 is
a cross-sectional view of the main part illustrating an example
of the internal structure and the light guide of the optical
system for the left eye in the embodiment. The description of
the internal structure and the light guide of the optical system
for the right eye is omitted, but the optical system for the right
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eye has a structure reversing right and left of the internal
structure and the light guide of the optical system for the left
eye.

[0072] As described in FIG. 12, the transmission type vol-
ume hologram irradiates a surface (surface illustrated as a
long edge in FIG. 12) of a sensitive material 61 with recording
light and reference light, respectively, from different direc-
tions, and is formed by recording an interference fringe
formed by the interference of the recording light and the
reference light to the sensitive material 61. Among the trans-
mission type volume hologram, a hologram which exposes
the sensitive material including a silver salt emulsion, for
example, and can be obtained by performing a developing and
fixing process after exposing is an amplitude hologram. As
illustrated in FIG. 13, in the amplitude hologram, intensity
distribution of darkness of the interference fringe is recorded
as a change of a black-and-white gradation. In addition, a
hologram which is formed by using dichromated gelatin or
photopolymer as the sensitive material is a phase hologram.
As illustrated in FIG. 14, in the phase hologram, the interfer-
ence fringe is recorded as a change of the refractive index. In
addition, among the phase holograms, there are also holo-
grams which use photoresist and thermoplastic as the sensi-
tive material. In a case where the photoresist and the thermo-
plastic are used, as illustrated in FIG. 15, the interference
fringe is recorded as unevenness of the surface.

[0073] In the embodiment, as the first diffraction optical
element 30a and the second diffraction optical element 305,
the transmission type volume hologram is used. However, as
an example, among the transmission type volume holograms,
the phase hologram, which uses the polymer as the sensitive
material and records the interference fringe as a change of the
refractive index, is used. In FIG. 11, a portion which is drawn
by an inclined line is the interference fringe, that is, the
diffraction grating.

[0074] Even in the embodiment, the diffraction grating of
the first diffraction optical element 30 is inclined so that the
position on the contact surface with the light guide 20 is
nearer to the center portion side of the light guide 20 rather
than the position on the incident surface of the first diffraction
optical element 30a. The diffraction grating of the second
diffraction optical element 305 is inclined so that the position
on the emitting surface of the second diffraction optical ele-
ment 305 is nearer to the center portion side of the light guide
20 rather than the position on the contact surface with the light
guide 20. The angle of inclination of the diffraction grating of
the first diffraction optical element 30a and the angle of
inclination of the diffraction grating of the second diffraction
optical element 305 are set to be the same. In addition, even
the grating cycles of the first diffraction optical element 30a
and the second diffraction optical element 305 are the same.
[0075] In addition, as illustrated in FIG. 11, even in the
embodiment, in the light guide 20 which uses the transmis-
sion type diffraction optical element, only the reflection layer
42 is disposed at the end portion of the wave guide of the
second diffraction optical element 304 side inside the light
guide 20, only the emitting side performs an end side reflec-
tion of the light guide 20, and another side does not perform
the end surface reflection.

Angle of Incidence Setting

[0076] Next, an angle of incidence with respect to the dif-
fraction optical element is described. In the embodiment,
since the transmission type volume hologram is used as the
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diffraction optical element, the diffraction -efficiency
becomes greater by the incident angle of the luminous flux,
and the diffraction efficiency at a certain incident angle
(Bragg angle) is the maximum. Therefore, in order to improve
the diffraction efficiency, as illustrated in FIGS. 18 and 19, the
angle of incidence of the image light emitted from the image
forming portion 10 is set to be a predetermined angle.

[0077] InFIGS.16 and 17, in the transmission type volume
hologram, an example of calculation ofthe incident angle and
the diffraction efficiency of each RGB wavelength of a case
where the optical axis of the incident light is inclined is
illustrated. As illustrated in FIG. 19, in a case where the angle
of'incidence of the image light emitted from the image form-
ing portion 10 is O degrees of the optical axis inclination
(diffraction optical element which is optimized for orthogo-
nal incidence), the maximum diffraction efficiency is low, as
illustrated in FIG. 16, and the distribution range of the dif-
fraction efficiency which is equal to or higher than the prede-
termined value is narrow. Meanwhile, as illustrated in FIG.
18, in a case where the angle of incidence of the image light
emitted from the image forming portion 10 is —20 degrees of
the optical axis inclination (diftraction optical element which
is optimized for the incidence of the image light inclined by
-20 degrees), the maximum diffraction efficiency is high as
illustrated in FIG. 17, and the distribution of the diffraction
efficiency which is equal to or higher than the predetermined
value covers a wide range. As a result, when the optical axis
inclination which has larger angle of incidence with respectto
the diffraction optical element is adopted, the high diffraction
efficiency can be obtained within the wide range of the angle
of incidence, and the angle of view can be widened.

[0078] According to the embodiment, as the image light
diffracted by the first diffraction optical element 30qa in the
light incident side is reflected at the end portion of the wave
guide of the second diffraction optical element 305 side, the
image light can be diverted in a reverse direction to a light-
guiding direction inside the light guide 20 right before the
emission from the light guide 20. Furthermore, the inclined
angles of the diffraction gratings of the first diffraction optical
element 30a and the second diffraction optical element 305
are set to be the same, and the grating cycles of the first
diffraction optical element 30a and the second diffraction
optical element 305 are set to be the same. Accordingly, the
incident light on the light incident surface 204 and the emitted
light from the light emitting surface 205 can be parallel, and
it is possible to more accurately match the positional relation-
ship between the right/left light guides and the image forming
portion to the shape of the face or the position of both of the
eyes of the observer. In other words, as illustrated in FIG. 10,
due to the size of the projection optical system, there is a
possibility in which the image forming portion 10 comes into
contact with the face of the observer and thereby an interrup-
tion occurring. However, in the embodiment, as illustrated in
FIG. 9, since the direction of contact with the face of the
observer can be avoided, the appearance can be obtained in
which the fitting property with respect to the face is further
improved.

[0079] In addition, in the embodiment, by setting the grat-
ing cycles of the first diffraction optical element 30a and the
second diffraction optical element 305 to be the same, it is
possible to reduce the interference of the light between the
two times of the diffraction by the incident side and the
emitting side or the loss of the quantity of light, and to prevent
deterioration of luminosity of the image or partial generation
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of color irregularity. Furthermore, in the embodiment, the
first diffraction optical element 30a and the second diffraction
optical element 305 are formed of the volume hologram, and
the inclined angle and the grating cycle of the gratings of each
volume hologram are the same. Accordingly, it is possible to
set the optical axes of the incident light and the emitted light
to be parallel, and to obtain the high diffraction efficiency
within the wide range of the angle of incidence.

C: Third Embodiment

[0080] Next, the third embodiment of the invention will be
described. In the embodiment, as the first diftraction optical
element and the second diffraction optical element, a surface
relief hologram is used. FIG. 20 is a cross-sectional view of
the main part illustrating an example of the internal structure
and the light guide of the optical system for the left eye in the
embodiment. The description of the internal structure and the
light guide of the optical system for the right eye is omitted,
but the optical system for the right eye has a structure revers-
ing right and left of the internal structure and the light guide
of the optical system for the left eye.

[0081] As illustrated in FIG. 20, in the embodiment, an
inclined surface relief hologram in which the surface of the
surface relief hologram is inclined is used as a first diffraction
optical element 34a and a second diftraction optical element
34b. The inclined surface of the inclined surface relief holo-
gram of the first diffraction optical element 34a is inclined so
that a position D6 on the surface side in contact with the light
guide 20 of the first diffraction optical element 34q is nearer
to the center portion side of the light guide 20 rather than a
position D5 on a tip end of an incident side of the inclined
surface. In addition, the inclined surface of the surface relief
type hologram ofthe second diffraction optical element 345 is
inclined so that a position D8 on a tip end of an emitting side
of the inclined surface is nearer to the center portion side of
the light guide 20 rather than a position D7 on the surface side
in contact with the light guide 20 of the second diffraction
optical element 34b. The angle of inclination of the inclined
surface of the inclined surface relief hologram of the first
diffraction optical element 34a and the angle of inclination of
the inclined surface of the inclined surface reliet hologram of
the second diffraction optical element 345 are set to be the
same. Furthermore, the grating cycles of the surface relief
hologram of the first diffraction optical element 34a and the
surface relief hologram of the second diffraction optical ele-
ment 345 are the same.

[0082] When the diftracted light are arranged in order of
zero-order, plus and minus first-order, . . . from the diffracted
light which is close to the central axis of the incident light, as
illustrated in FIG. 21, in a case of a rectangular-shaped sur-
face relief hologram without the inclination, the intensity of
plus first-order diffracted light and minus first-order dif-
fracted light are substantially the same.

[0083] However, in a case of the inclined surface relief
hologram in which the surface of the surface relief hologram
is inclined, when the relationship between the inclination of
the surface of the inclined surface relief hologram and the
direction of the incident light is the relationship illustrated in
FIG. 22, the diffracted light is generated by the Bragg reflec-
tion on the grating surface. For this reason, the intensity of the
plus first-order diffracted light is higher than the intensity of
the minus first-order diffracted light.
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[0084] Whenawavelengthis A, athickness ofthe hologram
is T, a refractive index of the hologram is n, and the grating
cycle is d, characteristics of the hologram can be represented
as the following parameter Q.

O=2n\Tmd?

[0085] In a case where the parameter Q is Q<1, the holo-
gram is referred to as a “thin hologram™, and in a case where
the parameter Q is Q>10, the hologram is referred to as a
“thick hologram”.

[0086] Ina case of thick holograms 61 and 62 illustrated in
FIG. 12, since several layers receive an operation of the Bragg
grating, the Bragg condition is strict, and only the plus first-
order diffracted light is generated. However, in a case of the
inclined surface reliefhologram of the embodiment, the holo-
gram has characteristics of a boundary area between the thick
holograms 61 and 62 and the thin hologram 60 illustrated in
FIG. 12. As a result, weak minus first-order diffracted light is
generated other than plus first-order diffracted light.

[0087] In this manner, in the embodiment, as the surface
reliet hologram is inclined, it is possible to further strengthen
the plus first-order diffracted light, to improve transmission
efficiency to the light guide 20, and to obtain an effect of
reducing noise light. Furthermore, in the embodiment, not
only the surface of the surface relief hologram of the first
diffraction optical element 34a, but also the surface of the
surface relief hologram of the second diffraction optical ele-
ment 345 is inclined. Moreover, since the angles of inclina-
tion of the surfaces of the surface relief holograms of the first
diffraction optical element 34a and the second diffraction
optical element 345 are set to be the same, it is possible to set
the incident light on the light incident surface 20a and the
emitted light from the light emitting surface 205 to be paral-
lel, and to more accurately match the positional relationship
between the right/left light guides and the image forming
portion and the shape of the face or the position of the both of
the eyes of the observer. In other words, as illustrated in FI1G.
10, due to the size of the projection optical system, there is a
possibility in which the image forming portion 10 comes into
contact with the face of the observer and thereby an interrup-
tion occurring. However, in the embodiment, as illustrated in
FIG. 9, since the direction of contact with the face of the
observer can be avoided, the appearance can be obtained in
which the fitting property with respect to the face is further
improved.

[0088] In addition, in the embodiment, by setting the grat-
ing cycles of the first diffraction optical element 34a and the
second diffraction optical element 345 to be the same, it is
possible to reduce the interference of the light between the
two times of the diffraction by the incident side and the
emitting side or the loss of the quantity of light, and to prevent
deterioration of luminosity of the image or partial generation
of color irregularity.

[0089] Furthermore, since the surface relief holograms of
the first diffraction optical element 34a and the second dif-
fraction optical element 345 are inclined in the same direction
in the embodiment, it is advantageous that the holograms can
be formed at the same time during die cutting, mass produc-
tivity can be improved, and manufacturing cost can be
reduced.

D: Fourth Embodiment

[0090] Next, a fourth embodiment of the invention will be
described. In the embodiment, as the first diftraction optical
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element and the second diffraction optical element, a blazed
grating is used. FIG. 23 is a cross-sectional view of the main
part illustrating an example of the internal structure and the
light guide ofthe optical system for the left eye in the embodi-
ment. The description of the internal structure and the light
guide of the optical system for the right eye is omitted, but the
optical system for the right eye has a structure reversing right
and left of the internal structure and the light guide of the
optical system for the left eye.

[0091] As illustrated in FIG. 23, in the embodiment, the
blazed grating is used as a first diffraction optical element 35a
and a second diffraction optical element 355. The inclined
surface of the blazed grating of the first diffraction optical
element 354 is inclined so that a position D10 on the surface
side in contact with the light guide 20 of the first diffraction
optical element 354 is nearer to the center portion side of the
light guide 20 rather than a position D9 on a tip end of an
incident side of the inclined surface. In addition, the inclined
surface of the blazed grating of the second diffraction optical
element is inclined so that a position D12 on a tip end of an
emitting side of the inclined surface is nearer to the center
portion side of the light guide 20 rather than a position D11 on
the surface side in contact with the light guide 20 of the
second diffraction optical element 355. The angle of inclina-
tion of the inclined surface of the blazed grating of the first
diffraction optical element 354 and the angle of inclination of
the inclined surface of the blazed grating of the second dif-
fraction optical element 355 are set to be the same. Further-
more, the grating cycles of the blazed grating of the first
diffraction optical element 35a and the blazed grating of the
second diffraction optical element 355 are the same.

[0092] Even when the blazed grating is used, when the
relationship between the inclination of the inclined surface of
the blazed grating and the direction of the incident light is the
relationship illustrated in FIG. 23, the diffracted light is gen-
erated by the Bragg reflection on the grating surface. For this
reason, the intensity of the plus first-order diffracted light is
higher than the intensity of the minus first-order diffracted

light.

[0093] In this manner, in the embodiment, by using the
blazed grating, it is possible to further strengthen the plus
first-order diftracted light, to improve the transmission effi-
ciency to the light guide 20, and to obtain an effect of reducing
the noise light. Furthermore, in the embodiment, not only the
blazed grating of the first diffraction optical element 354, but
also the blazing grating of the second diffraction optical ele-
ment 354 is used. However, since the angles of inclination of
the inclined surfaces of the blazed grating of the first diffrac-
tion optical element 35a and the second diffraction optical
element 355 are set to be the same, it is possible to set the
incident light on the light incident surface 20« and the emitted
light from the light emitting surface 205 to be parallel, and to
more accurately match the positional relationship between
the right/left light guides and the image forming portion to the
shape of the face or the position of the both of the eyes of the
observer. In other words, as illustrated in FIG. 10, due to the
size of the projection optical system, there is a possibility in
which the image forming portion 10 comes into contact with
the face of the observer and thereby an interruption occurring.
However, in the embodiment, as illustrated in FIG. 9, since
the direction of contact with the face of the observer can be
avoided, the appearance can be obtained in which the fitting
property with respect to the face is further improved.
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[0094] In addition, in the embodiment, by setting the grat-
ing cycles of the first diffraction optical element 354 and the
second diffraction optical element 355 to be the same, it is
possible to reduce the interference of the light between the
two times of the diffraction by the incident side and the
emitting side or the loss of the quantity of light, and to prevent
deterioration of luminosity of the image or partial generation
of color irregularity.

[0095] Furthermore, since the inclined surface ofthe blazed
grating of the first diffraction optical element 35a and the
second diffraction optical element 356 are inclined in the
same direction in the embodiment, it is advantageous that the
blazed grating can be formed at the same time during die
cutting, mass productivity can be improved, and manufactur-
ing cost can be reduced.

E: Fifth Embodiment

[0096] Next, a fifth embodiment of the invention will be
described. In the embodiment, as the first diftraction optical
element and the second diffraction optical element, a reflec-
tion type volume hologram is used. FIG. 24 is a cross-sec-
tional view of the main part illustrating an example of the
internal structure and the light guide of the optical system for
the left eye in the embodiment. The description of the internal
structure and the light guide of the optical system for the right
eye is omitted, but the optical system for the right eye has a
structure reversing right and left of the internal structure and
the light guide of the optical system for the left eye.

[0097] A thick hologram 61 illustrated in FIG. 12 is the
transmission type volume hologram, and the thick hologram
62 is areflection type volume hologram. As illustrated in FIG.
12, in a case of the transmission type volume hologram, an
interference fringe is formed by irradiating the surface (por-
tion illustrated as a long edge in FIG. 12) of the sensitive
material with recording light and reference light, respectively,
in different directions. However, in a case of the reflection
type volume hologram illustrated as the thick hologram 62,
the interference fringe is formed by irradiating an upper sur-
face (upward portion in an x-axis direction among the por-
tions illustrated as a long edge in FIG. 12) of the sensitive
material with the recording light, and by irradiating a lower
surface (downward portion in the x-axis direction among the
portions illustrated as a long edge in FIG. 12) of the sensitive
material with the reference light.

[0098] In FIG. 12, when the transmission type volume
hologram illustrated as the thick hologram 61 is rotated left-
ward by 90 degrees, and when the surface (portion which is
illustrated as a long edge in FIG. 12 and irradiated with the
recording light and the reference light) of the transmission
type volume hologram moves downward in the x-axis direc-
tion, it is known that a slant of the interference fringe, that is,
a slant of the diffraction grating in the transmission type
volume hologram and in the reflection type volume hologram
is reversed. In other words, in a state where the transmission
type volume hologram is rotated leftward by 90 degrees,
when the diffraction gratings are lines on an Xy coordinate
plane in FIG. 12, the line segment is a line segment which has
a positive slant. However, if the diffraction grating of the
reflection type volume hologram is the lines on the xy coor-
dinate plane in FIG. 12, the line segment is a line segment
which has a negative slant.

[0099] In addition, the slant of the diffraction grating of the
reflection type volume hologram is smaller than the slant of
the diffraction grating of the transmission type volume holo-
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gram. In some cases, an upper surface and a lower surface of
the reflection type volume hologram are substantially paral-
lel. In the embodiment, the reflection type volume hologram
illustrated in FIG. 24 is used as the first diffraction optical
element 314 and the second diffraction optical element 315.
[0100] As illustrated in FIG. 24, the first diffraction optical
element 31a is provided at a position facing the light incident
surface 20q of the second panel surface 202 side, diftracts the
light incident from the light incident surface 20a by the first
diffraction optical element 31a in a predetermined direction,
and reflects the light to the inside of the light guide 20. In
addition, the second diffraction optical element 315 is pro-
vided at a position facing the light emitting surface 205 of the
second panel surface 202 side, diffracts and reflects the image
light guided inside the light guide 20 by the second diffraction
optical element 315 to the light emitting surface 205, and
emits the light to the outside of the light guide 20 from the
light emitting surface 205.

[0101] The inclined surface of the diffraction grating of the
first diffraction optical element 314 is inclined so that a posi-
tion D13 on the surface side in contact with the light guide 20
of the first diffraction optical element 31a is nearer to the
center portion side of the light guide 20 rather than a position
D14 on a surface side facing the contact surface. In addition,
the inclined surface of the diffraction grating of the second
diffraction optical element 315 is inclined so that a position
D16 on the surface side facing the contact surface is nearer to
the center portion side of the light guide 20 rather than a
position D15 on the surface side in contact with the light
guide 20 of the second diffraction optical element 315. The
angle of inclination of the diffraction grating of the first
diffraction optical element 314 and the angle of inclination of
the diffraction grating of the second diffraction optical ele-
ment 315 are set to be the same. Furthermore, the grating
cycle of the diffraction grating of the first diffraction optical
element 31a and the grating cycle of the diffraction grating of
the second diffraction optical element 315 are the same.
[0102] Inside the light guide 20, a reflection layer 41 is
disposed in the wave guide of the image light. In the embodi-
ment, the reflection layer 41 is disposed at the end portion of
the wave guide of the first diffraction optical element 31a side
inside the light guide 20. In the light guide 20 using the
reflection type diffraction optical elements 31a and 315, only
the incident side performs an end surface reflection of the
light guide 20, and another side does not perform the end
surface reflection.

[0103] Inthe embodiment, since the directions of the incli-
nation of the diffraction gratings of each volume hologram of
the first diffraction optical element 31a and the second dif-
fraction optical element 315 are set to be the same, and since
the grating cycles are set to be the same, even in a configura-
tion in which the reflection layer 41 is disposed only at an end
portion of the wave guide of the first diffraction optical ele-
ment 31a side, the optical axis of the incident light and the
optical axis of the emitted light can be parallel.

[0104] According to the embodiment, immediately after
reflecting and diffracting the image light incident on the light
guide 20 in a direction which is reverse to the light guide
direction inside the light guide 20 by the first diffraction
optical element 314, the image light is further diverted to the
light guide direction by the reflection layer 41. The image
light is reflected and diffracted by the second diffraction
optical element 315, and emitted toward the eye EY of the
observer from the light emitting surface 205. Accordingly, the
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incident light on the light incident surface 204 and the emitted
light from the light emitting surface 205 can be parallel, and
it is possible to more accurately match the positional relation-
ship between the right/left light guides 20 and the image
forming portion 10 to the shape of the face or the position of
the both of the eyes of the observer. In other words, as illus-
trated in FIG. 10, due to the size of the projection optical
system, there is a possibility in which the image forming
portion 10 comes into contact with the face of the observer
and thereby an interruption occurring. However, in the
embodiment, as illustrated in FIG. 9, since the direction of
contact with the face of the observer can be avoided, the
appearance can be obtained in which the fitting property with
respect to the face is further improved.

[0105] In addition, in the embodiment, by setting the grat-
ing cycles of the first diffraction optical element 31a and the
second diffraction optical element 315 to be the same, it is
possible to reduce the interference of the light between the
two times of the diffraction by the incident side and the
emitting side or the loss of the quantity of light, and to prevent
deterioration of luminosity of the image or partial generation
of color irregularity. Furthermore, in the embodiment, the
first diffraction optical element 31a and the second diffraction
optical element 315 are formed by the volume hologram, and
the grating patterns of each volume hologram are the same.
Accordingly, it is possible to set the optical axes of the inci-
dent light and the emitted light to be the same, and to obtain
the high diffraction efficiency within the wide range of the
angle of incidence.

F: Modification Example

Modification Example 1

[0106] In the above-described first to fifth embodiments,
one diffraction optical element is respectively used on the
incident side and on the emitting side, while using a one-
layered light guide. However, the invention is not limited
thereto, and a plurality of diffraction optical elements corre-
sponding to the wavelength of the image light may be used. In
other words, as illustrated in FIG. 25, in each of the above-
described embodiments, while the light guide 20 is stacked to
be parallel with panel surfaces 201 and 202 and a stack type
light guide 200 is formed, the grating cycles of the first
diffraction optical elements 36a, 374, . . . provided with
relative light guides 20 and 20, and the second diffraction
optical elements 365, 375, . . . are different for each light
guide.

[0107] According to the modification example, the plural-
ity of light guides 20 is stacked, and each light guide 20 uses
diffraction optical elements which have different grating
cycles. Accordingly, it is possible to transmit a different
wavelength for each light guide, and to enhance the diffrac-
tion efficiency with respect to the plurality of wavelengths.

Modification Example 2

[0108] In the above-described first to fifth embodiments
and the modification example 1, the volume hologram is used
as the diffraction optical element, but the invention is not
limited thereto. Various diffraction optical elements can be
used.

[0109] Theentiredisclosure of Japanese Patent Application
No. 2013-179161, filed Aug. 30, 2013 is expressly incorpo-
rated by reference herein.
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What is claimed is:

1. An optical device, comprising:

a light guide;

a first diffraction optical element which makes light inci-
dent on the light guide;

a second diffraction optical element which emits the light
from the light guide; and

a reflection layer provided on a second surface of the light
guide which intersects with a first surface of the light
guide provided with the first diffraction optical element
or the second diffraction optical element,

wherein protruded portions which respectively constitute
the first diffraction optical element and the second opti-
cal element are respectively inclined in a first direction
which is the same as a normal line direction of the first
surface.

2. The optical device according to claim 1,

wherein the first diffraction optical element and the second
diffraction optical element are respectively surface relief
type holograms provided with an uneven structure on
one surface.

3. The optical device according to claim 1,

wherein the first diffraction optical element and the second
diffraction optical element are respectively diffraction
optical elements in a shape of a blazed grating provided
with protruded portions in a serrated shape on one sur-
face.

4. An optical device, comprising:

a light guide;

a first diffraction optical element which makes light inci-
dent on the light guide;

a second diffraction optical element which emits the light
from the light guide; and

a reflection layer provided on a second surface of the light
guide which intersects with a first surface of the light
guide provided with the first diffraction optical element
and the second diffraction optical element,

wherein a first portion and a second portion which respec-
tively constitute the first diffraction optical element and
the second diffraction optical element and have different
refractive indexes from each other, are respectively
inclined in the first direction which is the same as the
normal line direction of the first surface.

5. The optical device according to claim 4,

wherein the first diffraction optical element and the second
diffraction optical element are transmission type volume
holograms.

6. The optical device according to claim 1,

wherein the first diffraction optical element and the second
diffraction optical element are transmission type diffrac-
tion optical elements, and are provided on the same
surface of the light guide, and

wherein, in a cross-sectional view of the light guide includ-
ing both the first diffraction optical element and the
second diffraction optical element, the first direction is a
direction which is inclined in a direction from the second
diffraction optical element toward the first diffraction
optical element with respect to the normal line direction
of the first surface.

7. An optical device, comprising:

a light guide;

a first diffraction optical element which diffracts light inci-
dent on the light guide;
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a second diffraction optical element which diffracts and
emits the light guided from the light guide; and

a reflection layer provided on a second surface of the light
guide which intersects with a first surface of the light
guide provided with the first diffraction optical element
or the second diffraction optical element,

wherein a first portion and a second portion which respec-
tively constitute the first diffraction optical element and
the second diffraction optical element and have difterent
refractive indexes from each other, are respectively
inclined in the first direction which is the same as the
normal line direction of the first surface.

8. The optical device according to claim 7,

wherein the first diffraction optical element and the second
diffraction optical element are reflection type diffraction
optical elements, and are provided on the same surface
of the light guide, and

wherein, in a cross-sectional view of the light guide includ-
ing both the first diffraction optical element and the
second diffraction optical element, the first direction is a
direction which is inclined in a direction from the second
diffraction optical element toward the first diffraction
optical element with respect to the normal line direction
of the first surface.

9. An optical device, comprising:

a first light guide;

a first diffraction optical element which makes light inci-
dent on the first light guide;

a second diffraction optical element which emits the light
from the first light guide;

a first reflection layer provided on a second surface of the
light guide which intersects with a first surface of the
light guide provided with the first diffraction optical
element or the second diffraction optical element;

a second light guide;

a third diffraction optical element which makes light inci-
dent on the second light guide;

a fourth diffraction optical element which emits the light
from the second light guide; and

asecond reflection layer provided on a fourth surface of the
light guide which intersects with a third surface of the
light guide provided with the third diffraction optical
element or the fourth diffraction optical element,

wherein protruded portions which constitute the first dif-
fraction optical element and the second optical element
are respectively inclined in a first direction which is the
same as a normal line direction of the first surface, and

wherein protruded portions which constitute the third dif-
fraction optical element and the fourth optical element
are respectively inclined in a second direction which is
the same as the normal line direction of the third surface.

10. An optical device, comprising:

a first light guide;

a first diffraction optical element which makes light inci-
dent on the first light guide;

a second diffraction optical element which emits the light
from the first light guide;

a first reflection layer provided on a second surface of the
light guide which intersects with a first surface of the
light guide provided with the first diffraction optical
element or the second diffraction optical element;

a second light guide;

a third diffraction optical element which makes light inci-
dent on the second light guide;
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a fourth diffraction optical element which emits the light
from the second light guide; and

a second reflection layer provided on a fourth surface of the
light guide which intersects with a third surface of the
light guide provided with the third diffraction optical
element or the fourth diffraction optical element,

wherein a first portion and a second portion which respec-
tively constitute the first diffraction optical element and
the second diffraction optical element and have different
refractive indexes from each other, are inclined in a first
direction which is the same as a normal line direction of
the first surface, respectively, and

wherein a third portion and a fourth portion which respec-
tively constitute the third diffraction optical element and
the fourth diffraction optical element and have different
refractive indexes from each other, are respectively
inclined in a second direction which is the same as the
normal line direction of the third surface.

11. An optical device, comprising:

a first light guide;

a first diffraction optical element which diffracts light inci-
dent on the first light guide;

a second diffraction optical element which diffracts and
emits the light guided from the first light guide;

a first reflection layer provided on a second surface of the
light guide which intersects with a first surface of the
light guide provided with the first diffraction optical
element or the second diffraction optical element;

a second light guide;

a third diffraction optical element which diffracts light
incident on the second light guide;

a fourth diffraction optical element which diffracts and
emits the light from the second light guide; and

a second reflection layer provided on a fourth surface of the
light guide which intersects with a third surface of the
light guide provided with the second diffraction optical
element or the third diffraction optical element,

wherein a first portion and a second portion which respec-
tively constitute the first diffraction optical element and
the second diffraction optical element and have different
refractive indexes from each other, are inclined in a first
direction which is the same as a normal line direction of
the first surface, respectively, and

wherein a third portion and a fourth portion which respec-
tively constitute the third diffraction optical element and
the fourth diffraction optical element and have different
refractive indexes from each other, are respectively
inclined in a second direction which is the same as the
normal line direction of the third surface.

12. An image display apparatus, comprising:

an optical device according to claim 1; and

an image forming portion which generates the image light.

13. An image display apparatus, comprising:

an optical device according to claim 4; and

an image forming portion which generates the image light.

14. An image display apparatus, comprising:

an optical device according to claim 7; and

an image forming portion which generates the image light.

15. An image display apparatus, comprising:

an optical device according to claim 9; and

an image forming portion which generates the image light.

16. An image display apparatus, comprising:

an optical device according to claim 10; and

an image forming portion which generates the image light.
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17. An image display apparatus, comprising:
an optical device according to claim 11; and
an image forming portion which generates the image light.
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